The 15 N-enrichments (atom percentage excess) were determined in the plasma free amino acids of blood samples taken at the time of feeding and in samples taken hourly and pooled over 12 h, as well as in ileal digesta, crude mucin, and bacteria collected at the distal ileum of pigs fed barley while continuously administered [ 15 N]leucine intravenously. The branched-chain amino acids were the only indispensable amino acids to exhibit incorporation of 15 N ( P < .05). All dispensable amino acids exhibited some incorporation. Enrichments in free leucine and alanine were higher ( P < .02) in blood samples taken at the time of feeding, compared to those in pooled blood samples, resulting in an underestimation of the endogenous ileal recoveries of these amino acids. Enrichments in amino acids in crude mucin were usually similar to those in pooled plasma samples, providing some support for the use of plasma free amino acids to estimate enrichments in endogenous amino acids in ileal digesta. Enrichments in bacteria were not different ( P > .05) from those in ileal digesta. The recoveries of endogenous amino acids in ileal digesta determined with the [ 15 N]leucine and 15 N-amino acid dilution techniques demonstrate the overestimation of these criteria with the 15 N-isotope dilution technique, applied in its current form, and suggest that modifications in the composition of endogenous protein can occur when pigs are fed protein-containing diets. This study supports the use of 15 N-isotope dilution techniques, with modifications, for determining the recovery of endogenous protein in ileal digesta of pigs fed protein-containing diets.
Introduction
The 15 N-isotope dilution technique is proposed to be a useful method for determining the recovery of endogenous protein at the distal ileum of pigs fed protein-containing diets (Souffrant et al., 1981 (Souffrant et al., , 1986 . However, the recovery of endogenous protein may be overestimated with this technique, applied in its current form (e.g., Souffrant et al., 1981; de Lange et al., 1990) , and thus endogenous protein should be assessed in a more direct manner (de Lange et al., 1992; Lien et al., 1997) . In the initial part of this study (Lien et al., 1997) , we suggested that this may be achieved by isolating the actual precursor pool for endogenous nitrogen ( N ) secretion: plasma free amino acids, urea, and ammonia.
In a recent study, de Lange et al. (1992) reported that the recoveries of endogenous protein determined with the [ 15 N]isoleucine and the 15 N-isotope dilution techniques were similar to but estimates using the [ 15 N]leucine isotope dilution technique were lower than those observed when protein-free diets were fed. It was proposed that methodological considerations when using the 15 N-isotope dilution technique, especially with respect to the pattern of blood sampling, might explain the results obtained in that study (de Lange et al., 1992) . In addition, the aforementioned authors raised questions as to the influence of the intestinal mucosa and bacteria on estimates of the recovery of endogenous protein. Both the intestinal mucosa, the largest contributor of endogenous N secreted into the intestinal lumen (Souffrant et al., 1991) , and bacteria can potentially utilize dietary amino acids for protein synthesis before their appearance in plasma. This could result in a dilution of enrichments in endogenous protein in ileal digesta that would not be reflected in enrichments in the trichloroacetic acid ( TCA)-soluble fraction of plasma and thus raises questions as to the validity of using enrichments in the TCA-soluble fraction of plasma for estimating enrichments in endogenous protein in ileal digesta. The purpose of this study was to investigate aspects of the 15 N-isotope dilution techniques that could interfere with an accurate determination of the recovery of endogenous protein at the distal ileum of pigs fed protein-containing diets. In this part of the study, we sought to determine the effect of the pattern of blood sampling on the recovery of endogenous protein and the influence of the intestinal mucosa and bacteria on estimates of the enrichments in endogenous N and amino acids in ileal digesta. In addition, the recoveries of endogenous N and amino acids, and their corresponding ileal digestibilities, determined with different isotope dilution techniques will be presented.
Materials and Methods

Animals and Diets.
A detailed description of the experimental procedures was presented previously (Lien et al., 1997) . The composition of the experimental diet is presented in Table 1 . Three pigs, fitted with a re-entrant cannula at the distal ileum and two catheters in the external jugular veins, were fed twice daily 700 g of a diet containing barley as the sole source of protein. Ileal digesta, obtained from the donor barrows, was infused into the large intestine of the experimental barrows at a rate of 50% of the hourly collection from the experimental barrows. Twelve-and 24-h pooled digesta samples were prepared by combining 30 and 20%, respectively, of each hourly sample. Samples were frozen immediately after each hourly collection.
Blood and digesta samples were prepared for analyses as described previously (Lien et al., 1997) . Before analyses, plasma samples were thawed and pooled over the 12-h periods between feedings by combining 1 mL from each hourly sample. Samples were brought to a final concentration of 5% (wt/vol) TCA with addition of 15% TCA and separated into TCA-soluble and -insoluble fractions. Digesta samples were weighed, freeze-dried, weighed again, and ground (model 4 laboratory Wiley Mill, Arthur H. Thomas Co., Philadelphia, PA) through a 1-mm mesh screen and mixed prior to analyses.
Chemical Analyses. The water soluble-ethanol precipitable fraction of digesta (crude mucin; CM) was isolated according to previously described procedures (Lien, 1995) . Briefly, 25 mL of .15 M sodium chloride containing .02 M sodium azide was added to approximately 3 g of ileal digesta in a 50-mL polystyrene test tube. The samples were homogenized for 1 min using a Polytron homogenizer (Kinematica, Kriens, Switzerland) and immediately centrifuged at 12,000 × g for 30 min. The supernatant was decanted into a second test tube and centrifuged once more. Fifteen milliliters of the aqueous fraction was pipetted into a preweighed 50-mL test tube and the samples cooled in an ice bath. Ice-cold ethanol was added to a final concentration of 60% (vol/vol) and the samples left to precipitate overnight at −20°C. Crude mucin was recovered by centrifugation at 1,400 × g for 10 min. The CM precipitate was redissolved in .15 M NaCl and precipitated with ice-cold ethanol as before. Rinsing was continued until a clear supernatant was achieved. Crude mucin was solubilized in 10 mL of distilled water, frozen, and freeze-dried.
Bacteria were isolated from the 24-h pooled digesta samples as described by Dugan (1992) . Bacterial protein and amino acids were quantified using diaminopimelic acid as a marker.
Methods for analyses of CP ( N × 6.25), DM, amino acids, and chromic oxide were reported previously (Lien et al., 1997) . For the analyses of amino acids in CM, 30 mg of sample was hydrolyzed in 6 mL of 6 M HCl to reduce the destruction of serine and threonine. Enrichments (atom percentage excess 15 N ) in total nitrogen ( N ) were determined in Rostock, Germany using an Emission Spectrometer (Isonitromat RFT5201, VEB Statron, Fuerstenwalde, Germany). Enrichments in total N in digesta and the TCA-soluble fraction are the same as those presented previously (Lien et al., 1997) .
It was observed during previous studies (Lien et al., 1997) that the sensitivity in the determination of enrichments in amino acids could be improved by better standardization of the amount of individual amino acids, from different samples, injected onto the gas chromatography-mass spectrometry ( GC-MS) column. Analyses of the 15 N-enrichment excess in amino acids were, therefore, repeated in digesta and the pooled TCA-soluble fraction of plasma from d 8 of the [ 15 N]leucine infusion period. As well, enrichments in amino acids were determined in the TCA-soluble fraction of plasma from blood samples taken at the time of feeding on d 8 of the [ 15 N]leucine infusion period and in bacteria and CM. To better standardize the amount of amino acids injected onto the GC-MS column, effluent from the ion exchange cleanup was freeze-dried, redissolved in 1 mL of water, and subjected to amino acid analysis. Aliquots containing 10 mg of leucine were then transferred to a second test tube and freeze-dried before derivitization. Plasma samples were heated to convert glutamine to glutamate for comparison to other pools. Trimethylsilyl derivatives were prepared as described previously (Lien et al., 1997) .
The enrichment in all amino acids was determined simultaneously by single ion monitoring GC-MS (Hewlett Packard 5890 Series II gas chromatograph connected to a Hewlett Packard 5971A mass selective detector). Enrichments were determined from the following molecular fragments (PMI/PMI+1 after Campbell, 1974) according to Leimer et al. (1977) ; alanine (116/117), aspartic acid (232/233), glutamic acid (246/247), glycine (102/103), isoleucine (158/ 159), leucine (158/159), phenylalanine (218/219), proline (142/143), serine (204/205), threonine (218/ 219), tyrosine (218/219), and valine (144/145). The basic amino acids, arginine, histidine, and lysine, exhibited a poor response on the GC-MS column used in this study. Enrichments were calculated according to procedures outlined by Campbell (1974) . Pooled samples of the TCA-soluble fraction of plasma from d 1 of the infusion period (saline infusion) were used to determine natural abundance values for the TCAsoluble fraction of plasma. Barley and the experimental diet (and unlabeled digesta and CM) were used to determine natural abundances for amino acids in digesta, CM, and bacteria.
Real ileal amino acid and protein digestibilities were determined as described by Souffrant et al. (1981) and de Lange et al. (1990) , assuming that enrichments in N and amino acids in the TCA-soluble fraction of plasma were similar to those in endogenous N and amino acids, respectively, in ileal digesta. For the 15 N-and [ 15 N]leucine isotope dilution techniques, the composition of endogenous protein was assumed to be similar to that reported for pigs fed a protein-free diet with simultaneous administration of amino acids intravenously (de Lange et al., 1989) . (Steel and Torrie, 1980) was used to assess the significance of enrichments. Standard errors were calculated according to procedures outlined by Steel and Torrie (1980) . Multiple comparisons were performed using SAS probability of difference (PDIFF) procedures (SAS, 1990) to determine enrichment differences between pools. This same procedure was used to determine differences between endogenous contributions, endogenous recoveries, and digestibilities determined with the 15 N-amino acid and [ 15 N]leucine isotope dilution techniques and between those determined with the 15 N-amino acid and 15 N-isotope dilution techniques. Because the calculation of these criteria with 15 N and [ 15 N]leucine isotope dilution techniques is the same, except for the level of endogenous output (de Lange et al., 1992) , comparisons between these techniques are presented for crude protein only.
Statistical Analyses. A one-tailed t-test
Results and Discussion
Enrichments in N and amino acids in the TCAsoluble fraction of plasma sampled at the time of feeding and in 12-h pooled samples on d 8 are presented in Table 2 . Enrichments in total N and amino acids in digesta, CM, and bacteria collected at the distal ileum are also presented. The relative enrichments in amino acids were similar in the different pools. The highest enrichments were observed in leucine, followed by isoleucine, then valine. The other indispensable amino acids exhibited no Table 2 . The 15 N-enrichment (atom % excess) in total N and amino acids in the trichloroacetic acid soluble fraction of plasma and in ileal digesta, crude mucin, and bacteria on day 8 of the [ 15 N]leucine infusion period a All enrichments are different ( P < .05) from 0 using a one-tailed t-test, except proline in plasma at feeding time and all tyrosine except that in crude mucin. significant incorporation of 15 N. Enrichments in the dispensable amino acids were lower than those in the branched-chain amino acids ( BCAA) . The highest enrichments in these amino acids were observed for alanine, aspartate, glutamate, and serine; they were lowest for glycine and proline. Similar relative enrichments were observed in plasma amino acids of dogs continuously administered [ 15 N]leucine (Matthews et al., 1979; Ben-Galim et al., 1980) . Enrichments in amino acids were up to several times higher than those in total N, as was observed previously (de Lange et al., 1992) . The pattern of enrichments among the BCAA, alanine, glutamate, and aspartate, reflect a wellestablished metabolic relationship between these amino acids. Branched-chain amino acids are primarily metabolized in muscle tissue (Harper et al., 1984) where considerable transamination of leucine (Schwenk et al., 1985a (Schwenk et al., , 1985b and, because the BCAA aminotransferase has low specificity (Harper et al., 1984) , isoleucine and valine occurs. A rapid transfer of 15 N among the BCAA is expected, because under normal circumstances reamination is the primary fate of branched-chain a-keto acids (Harper et al., 1984) . Moreover, plasma leucine levels are elevated following leucine infusion, leading to an increase in leucine oxidation (Tessari et al., 1985; Gelfand et al., 1988; Louard et al., 1990 ) and thus, potentially, an increase in the transfer of 15 N to amino acids such as alanine, glutamine, and aspartate, which are synthesized in muscle (Harper et al., 1984 ). An apparent increase in leucine concentration was observed in pooled plasma samples following the initiation of the [ 15 N]leucine infusion in this study (Lien et al., 1997) . Although the observed enrichments in plasma will be a function of the rate of 15 N incorporation, the size of the plasma pool and the dietary supply, this pattern is generally reflected in the distribution of 15 N among the plasma free amino acids in this study: leucine 21.3 ± .54, alanine 18.1 ± 1.41, glycine 17.2 ± 1.90, valine 12.5 ± 1.65, glutamate 11.7 ± 1.46, isoleucine 7.5 ± .75, serine 4.5 ± .34, proline 5.2 ± .73, and aspartate 2.2 ± .23% (mean ± SEM [Steel and Torrie, 1980] ; n = 3; the contribution of 15 N in individual amino acids to total 15 N in amino acids, calculated from plasma free amino acid concentrations and their enrichments, assuming only the amino acids listed above exhibited an incorporation of 15 N above natural abundance).
The relative enrichments in amino acids and N in the various pools raise important considerations for the use of 15 N-isotope dilution techniques for assessing the contribution of endogenous to total protein in ileal digesta of pigs fed protein-containing diets. Traditional 15 N-isotope dilution techniques rely on plasma samples taken at the time of feeding, twice a day, to approximate the enrichment in endogenous protein secreted into the intestinal lumen (Souffrant et al., 1981; de Lange et al., 1990) . However, endogenous protein synthesis and secretion is a continuous process and the enrichment in endogenous protein in digesta will reflect the synthesis and secretion of endogenous protein over the entire 12-h period between feedings. Therefore, there is some question as to whether blood samples taken at the time of feeding accurately reflect the enrichment in endogenous amino acids in ileal digesta (de Lange et al., 1992) .
de Lange et al. (1992) have proposed that the frequency of blood sampling should be increased to provide a better estimate of the enrichment in endogenous protein over the entire period during which digesta are collected. To address this, we compared enrichments in plasma free amino acids in blood samples taken hourly and pooled over 12 h with those in blood samples taken only at the time of feeding (Table 2) . Whereas the majority of the amino acids exhibited no difference ( P > .20) in enrichments between pooled plasma samples and those taken at the time of feeding, enrichments in leucine and alanine were 40 and 13% higher ( P < .05), respectively, in plasma samples taken at the time of feeding. The most obvious reason for these higher enrichments is the dilution of enrichments in pooled plasma samples by dietary amino acids. Reeds et al. (1992) observed lower enrichments in leucine, alanine, phenylalanine, and lysine in plasma of humans in the absorptive state, compared to those in a postabsorptive state. A similar pattern was observed in VLDL apolipoprotein B-100, a plasma protein with a relatively rapid turnover rate. Souffrant et al. (1993) observed an oscillating pattern in the enrichment in pancreatic juice that was consistent with periods of feeding. It may be concluded, therefore, that the enrichments in endogenous leucine and alanine are overestimated in blood samples taken at the time of feeding. This overestimation will lead to an underestimation of their endogenous recoveries in ileal digesta and could, therefore, explain the lower recovery of endogenous protein and amino acids observed by de Lange et al. (1992) The higher enrichments (27%; P = .13) in glutamate in plasma samples obtained at the time of feeding, compared to pooled samples, is primarily the result of dilution. A high contribution of glutamate to glutamate plus glutamine (30 to 40%) in pooled plasma samples was observed in this study, which is likely due to the presence of dietary glutamate, because the contribution of glutamate in the postabsorptive state is considerably lower (Elia and Livesey, 1983; Castellino et al., 1987) . This is supported by the fact that the highest enrichments in glutamate were observed in CM, because the intestine is the principal destination for glutamine synthesized in muscle (Souba et al., 1990) .
In addition to dilution, the enrichments in leucine and other amino acids are dependent on the rate of catabolism of the infused leucine. Leucine catabolism is largely controlled by its plasma levels (Castellino et al., 1987; Motil et al., 1994) , with higher transamination and oxidation rates in the absorptive, compared to the postabsorptive, state (Elia and Livesey, 1983; Cortiella et al., 1988; Motil et al., 1994) . Therefore, enrichments in leucine may be further elevated in blood samples taken at the time of feeding (in the postabsorptive state) because more 15 N is retained by leucine, with less transfer to other amino acids. Moreover, the quality of protein consumed (i.e., the extent to which the amino acid composition matches the requirement for protein synthesis) can also influence the catabolism of amino acids (Fuller et al., 1987; Benevenga et al., 1993) . In this respect, relative estimates of the enrichment in endogenous N and amino acids in blood samples taken only at the time of feeding may be more a reflection of the different rates of digestion, absorption, and metabolism of different protein sources, as opposed to simply providing an estimate of enrichments in endogenous amino acids.
The aforementioned discussion indicates that estimates of the endogenous recoveries of certain amino acids can be improved by increasing the frequency of blood sampling. However, in this study, each hourly blood sample was given equal weight in assessing the enrichment in endogenous amino acids, which may not entirely reflect the pattern of endogenous secretions. Enrichments in plasma are higher in the postabsorptive period when there is less synthesis of endogenous protein, compared to the absorptive period when endogenous protein synthesis is expected to be at a maximum. Thus, the importance of enrichments in plasma amino acids in the absorptive and postabsorptive periods is under-and overemphasized, respectively. Increasing the frequency of meals, to provide a more constant passage of digesta, secretion of endogenous protein, and absorption of amino acids, may be a more practical means of obtaining reliable estimates of the enrichments in plasma over the entire period for which digesta are collected. In this way isotopic equilibrium could be achieved not only between feeding periods but also within feeding periods.
Another consideration in the methodology of 15 N-isotope dilution techniques is whether the enrichments in plasma amino acids are valid estimates of the enrichments in endogenous amino acids in ileal digesta. The plasma free amino acids represent the ultimate precursor pool for pancreatic protein synthesis (Simon et al., 1983) ; these proteins exhibit rapid incorporation of both intravenous (Simon et al., 1983) and orally administered labels (Leterme et al., 1993) . Therefore, enrichments in plasma amino acids might be expected to provide a reliable estimate of labeling in these and other proteins (e.g., salivary proteins). However, the intestinal mucosa is the single largest contributor to endogenous protein in the intestinal lumen (Souffrant et al., 1986) and although the precursor pool for mucosal protein synthesis is as yet unidentified, it has been shown to use lumenal amino acids (Hirschfield and Kern, 1969; Alpers, 1972) . The Table 3 . The amino acid composition of crude mucin (mol/100 mol of amino acids) and bacteria (mg/100 mg of amino acids) in ileal digesta of pigs fed a barley diet and the contribution (%) of bacteria crude protein and amino acids to endogenous crude protein and amino acids, respectively, in ileal digesta a Contribution of bacterial crude protein and amino acids to total crude protein and amino acids, respectively, in ileal digesta.
b Contribution of bacterial crude protein and amino acids to endogenous crude protein and amino acids, respectively, in ileal digesta. Calculated from the contribution of total crude protein and amino acid 15 N in bacteria to total crude protein and amino acid 15 N, respectively, in ileal digesta.
c Mean ± SE ( n = 3). For bacteria n = 2. use of lumenal amino acids for endogenous protein synthesis in the intestinal mucosa could result in a dilution of 15 N in endogenous amino acids that would not be reflected in the enrichments in plasma (Souffrant et al., 1986) . In this situation, the enrichments in plasma amino acids would overestimate the actual enrichment in endogenous amino acids, leading to an underestimation of their recovery in ileal digesta. This is especially important if a considerable proportion of unlabeled dietary amino acids are employed for intestinal protein synthesis, and the secreted protein is of low digestibility. In this respect, the enrichments in mucin are of importance because mucin is not digested in the small intestine (Hoskins, 1984) . The amino acid composition of the CM fraction of ileal digesta is presented in Table 3 . Threonine, serine, and proline represented 32.5 ± 1.13 mol/100 mol of the amino acids in CM, compared with 40 mol/ 100 mol in CM from pigs fed a protein-free diet (Lien, 1995) and 50 to 70 mol/100 mol of amino acids in purified mucus (Allen, 1981) . Although the threonine content indicates a high content of mucin in this fraction of digesta, it also indicates a relatively large proportion of nonmucin protein. Similar enrichments in the BCAA, and a higher enrichment in glutamate in CM, compared to pooled plasma samples ( Table 2 ), suggest that the contaminant protein is predominantly of endogenous origin. The higher enrichment in glutamate is important, because the intestine is a primary destination for glutamine synthesized in conjunction with the catabolism of leucine (Souba et al., 1990) . Lower ( P < .05) enrichments in alanine and glycine may reflect the de novo synthesis of these amino acids. Moreover, enrichments in amino acids in CM were up to 2.5 times higher than their counterparts in digesta, further demonstrating that they are predominantly of endogenous origin. The nonmucin protein may be derived from noncovalently bound endogenous protein (Allen, 1981) or soluble endogenous protein coprecipitating with CM. That the amino acids in CM are apparently endogenous, and that their enrichments were similar to those in pooled plasma samples, supports the use of enrichments in free amino acids in the TCA-soluble fraction of pooled plasma samples to estimate enrichments in endogenous amino acids recovered at the distal ileum.
Bacteria in digesta present further potential complications for the use of 15 N-isotope dilution techniques. In agreement with previous studies (Dierick et al., 1983; Drochner, 1984; Dugan, 1992) , bacteria represented a considerable proportion of the N (27.4%) and amino acids in ileal digesta (Table 3) . Lange et al. (1990 Lange et al. ( , 1992 using enrichments in N and amino acids in pooled plasma samples to estimate enrichments in endogenous protein and amino acids, respectively.
b Calculated from the dilution in individual amino acids using enrichments in amino acids in pooled plasma samples to estimate enrichments in endogenous amino acids.
c Standard error of the least squared means ( n = 3). The highest contributions for amino acids were for methionine (49.4%), lysine (37.6%), and isoleucine (30.8); the lowest contributions were for proline (11.5%) and glycine (17.8%). Thus, they have the potential to significantly modify the amino acid composition of digesta (Dugan, 1992) . Furthermore, bacteria can utilize nonprotein N for the de novo synthesis of amino acids. Because nonprotein 15 N is not uniformly incorporated into all bacterial amino acids (Takahashi et al., 1980; Takahashi and Kametaka, 1986) , they possess the ability to alter enrichments in endogenous amino acids, which may not be accurately reflected in the enrichments in plasma amino acids. However, there were no differences between enrichments in N ( P = .14) and amino acids ( P > .30) in digesta and bacteria (Table 2 ). In addition, the contribution of bacterial amino acids to endogenous and total amino acids in ileal digesta was similar (Table 3 ). These data suggest that bacteria did not significantly alter the labeling of endogenous protein by the de novo synthesis of amino acids or the preferential use of either endogenous or unabsorbed dietary amino acids for protein synthesis.
The contributions (percentage of digesta N and amino acids) and recoveries (g/kg DM intake) of endogenous N and amino acids, calculated with three different dilution techniques, are presented in Tables   4 and 5 , respectively. Because these values represent different calculations of the same data, patterns and statistical differences are essentially the same and will be discussed as such. With the exceptions of glutamate and proline, the highest contributions and recoveries of endogenous protein and amino acids were observed with the 15 N-isotope dilution technique. Endogenous amino acids were estimated to account for nearly all amino acids in ileal digesta with this technique and were at least twice that observed with the other techniques. Values obtained with the 15 N-isotope dilution technique, therefore, seem to be overestimated, as was discussed previously (Lien et al., 1997) . The contribution and recovery of proline determined with the 15 N-amino acid dilution techniques were approximately two and four times higher ( P < .05) than that observed with the 15 N-and [ 15 et al. (1990, 1992) using enrichments in N and amino acids in pooled plasma samples to estimate enrichments in endogenous protein and amino acids, respectively.
c Standard error of the least squared means ( n = 3). considerable modification of the composition of endogenous protein when a barley diet, compared to a protein-free diet (de Lange et al., 1989) , is fed. The recoveries of valine, alanine, glutamate, and proline were higher with the 15 N-amino acid dilution techniques and thus represent a greater proportion of endogenous protein with the barley diet. One point worth noting from these results is that the recovery of endogenous proline (5.49 ± 1.73 g/kg DMI) estimated with the 15 N-amino acid dilution technique was similar to that observed in pigs fed protein-free diets with saline, rather than amino acid, infusion (de Lange et al., 1989; Leterme et al., 1994) . Berthold et al. (1995) recently demonstrated that the de novo synthesis of proline is greatly enhanced in fasted individuals, suggesting that its synthesis may be regulated by dietary supply. The high recovery of endogenous proline in this study, in conjunction with the studies by de Lange et al. (1989) and Leterme et al. (1994) , seems to support this premise. The high recovery of endogenous proline suggests that a postabsorptive state was in fact achieved in this study. Therefore, differences in the metabolism of leucine, and thus the distribution of label, in the absorptive and postabsorptive states are very real factors that must be considered when using the 15 N-isotope dilution technique in its current form, particularly with respect to the pattern of blood sampling. In this respect, increasing the frequency of feeding, as suggested previously (Lien et al., 1997) , is also a factor that should be considered. The relatively low digestibility of proline in barley, determined with the 15 N-and [ 15 N]leucine isotope dilution techniques, in this study (Table 5 ) and in previous studies by de Lange et al. (1990 Lange et al. ( , 1992 , is attributed to the presence of endogenous proline.
The apparent and real ileal protein and amino acid digestibilities are presented in Table 6 . The apparent digestibilities were lower than previously observed for barley (Sauer and Ozimek, 1986; de Lange et al., 1990) . The fact that particular attention was given to collecting all digesta in this study may have resulted in the collection of relatively more endogenous protein, accounting for the lower digestibilities. Similar real digestibilities in this study and that of de Lange et al. (1990) give some support to this. However, no differences in ileal digestibilities have been observed in pigs fitted with re-entrant vs T-cannulas (Sauer and Ozimek, 1986) .
The highest amino acid digestibilities were observed with the 15 N-isotope dilution technique. Real digestibilities of most amino acids were higher when determined with the 15 N-amino acid vs the 15 N-leucine isotope dilution technique, although this was only significant for glutamate, glycine, and proline. Ileal digestibilities of glutamate and proline N]leucine and the contribution of endogenous to total N or amino acids in ileal digesta is estimated from the dilution of enrichments in ileal digesta. The reliability of these techniques depends, therefore, on the accuracy with which enrichments in endogenous N-containing compounds in ileal digesta can be estimated. Enrichments in plasma have traditionally been considered estimates of the enrichments in endogenous N, although the validity of this assumption has been questioned (de Lange et al., 1992) . In this study we presented data indicating that neither the intestinal mucosa nor bacteria preferentially utilize dietary amino acids or N prior to their appearance in plasma. As such, these data support the premise that enrichments in plasma will, as yet, provide the best estimate of enrichments in endogenous N-containing compounds in ileal digesta. However, data were also presented that indicate modifications are necessary within the current scope of methodology of 15 N-isotope dilution techniques in order to improve the reliability of these estimates. These include a more thorough attempt to determine enrichments in the direct precursors for endogenous N secretion (Lien et al., 1997) and attempts to bring the animals into metabolic equilibrium.
Although the data presented in these studies do not warrant a conclusion as to the choice of 15 N-dilution technique, some general considerations in choosing a technique can be made. The 15 N and [ 15 N]leucine isotope dilution techniques, performed under ideal conditions, are comparable in that both rely on a predetermined endogenous protein composition to estimate the recovery of endogenous N and amino acids. However, the [ 15 N]leucine isotope dilution technique has an advantage in that it provides a more direct measure of the recovery of endogenous protein (amino acids). In addition, because only the enrichment in leucine is required with this technique, it could provide a more cost effective means of determining the recovery of endogenous protein, because less labeled leucine would be required. With the 15 N-amino acid dilution technique a direct determination of the recovery of several amino acids is possible, assuming these amino acids achieve isotopic equilibrium. This technique could, therefore, provide important information regarding the effect of diets on the composition of endogenous protein. However, this technique is limited in that several of the indispensable amino acids did not exhibit any incorporation of 15 N and thus estimates of their endogenous recoveries could not be obtained. A direct determination of the recoveries of all amino acids would require that a mixture of labeled amino acids be infused; however, given the cost of these amino acids, use of the [ 15 N]leucine isotope dilution technique may be a more practical alternative.
Implications
The data presented in this report, in conjunction with that in the first part of this study, support the principles of 15 N-isotope dilution techniques where the recovery of endogenous N and amino acids are estimated from the dilution of enrichment in ileal digesta compared to that in plasma of 15 N-labeled pigs. As such, these studies suggest that, with modification, isotope dilution techniques can be an effective means of determining the recovery of endogenous N and amino acids in ileal digesta of pigs fed protein-containing diets. Modifications should include a more rigorous attempt to bring the animals into isotopic equilibrium, both between and within feeding periods, and a more direct determination of the enrichments in the precursors for endogenous N and amino acid secretions in plasma.
